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OBJECTIVES The purpose of this research was to assess the value of systemic inflammatory biomarkers in
the detection of acute aortic dissection (AD).
BACKGROUND Rapid diagnosis and initiation of treatment is pivotal for patients with acute AD. So far, there
is no laboratory test to aid the diagnosis.
METHODS Plasma fibrin D-dimers, white blood cell (WBC) count, C-reactive protein (CRP), and
fibrinogen were determined in 64 chest-pain (CP) patients (acute AD, n  16; pulmonary
embolism [PE], n  16; acute myocardial infarction [AMI], n  16; non-cardiac CP, n 
16); 32 asymptomatic patients with chronic AD served as a control group.
RESULTS All acute AD patients showed highly elevated D-dimer values that were similar to PE
patients (2,238  1,765 g/l vs. 1,531  837 g/l, p  0.15) but significantly higher than
in chronic AD, AMI, or CP patients (p  0.001). The WBC count was significantly
increased in patients with acute AD compared with the other groups (p 0.001); in addition,
CRP values differed only non-significantly from PE patients (p  0.71). There were no
differences in the fibrinogen levels between the groups.
CONCLUSIONS D-dimers are highly elevated in both acute PE and acute AD. Patients with acute AD show
significant systemic inflammatory reactions. Measurement of D-dimers may be a valuable
addition to the current diagnostic work-up of patients with suspected AD. (J Am Coll
Cardiol 2004;44:804–9) © 2004 by the American College of Cardiology Foundationm
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Capid diagnosis and initiation of appropriate treatment is
ivotal for patients with acute aortic dissection (AD) (1).
etection of acute AD is based on clinical presentation but
ainly relies on imaging techniques (1). However, up to
0% to 40% of patients remain undiagnosed until necropsy
2). So far, there is no laboratory test—as opposed to acute
oronary syndromes—to aid the diagnosis. Determination
f smooth muscle myosin heavy chains or soluble elastin
ragments has been shown to detect AD with high sensi-
ivity and specificity (3,4), but these tests are not practical in
clinical emergency setting.
Previous studies suggested a role of inflammatory reac-
ions in acute AD (5). It was the aim of the present study to
valuate the value of biochemical markers of the acute phase
eaction (D-dimers, white blood cell [WBC] count,
-reactive protein [CRP], fibrinogen) in the detection of
cute AD.
ETHODS
atient population. Between October 2002 and February
004, we studied plasma fibrin D-dimers and biochemical
From the *Department of Cardiology, †Department of Angiology, and ‡Depart-
ent of Clinical Chemistry, West-German Heart Center Essen, University of
uisburg-Essen, Essen, Germany; §Department of Cardiology and Angiology,
niversity of Münster, Münster, Germany; and Department of Cardiology, Medisch
pectrum Twente, Enschede, the Netherlands.
Manuscript received March 13, 2004; revised manuscript received April 13, 2004,Accepted April 20, 2004.arkers of acute inflammation in 64 consecutive chest-pain
CP) patients (acute AD, n  16; pulmonary embolism
PE], n  16; acute myocardial infarction [AMI], n  16;
on-cardiac CP; n 16) presenting within 48 h from onset
f symptoms; 32 asymptomatic patients (28 male, age: 57.0
15.1 [27.7 to 78.3] years) with previously diagnosed
hronic, stable AD (mean age of the dissection: 30.4 32.2
1 to 98] months) served as a control group.
Diagnosis of AD was confirmed using standard criteria by
t least two of the following examinations: transesophageal
chocardiography, aortography, computed tomography
CT), or magnetic resonance imaging (1). Only patients in
hom the onset of AD could be clearly determined (e.g., by
ymptoms) were included. Dissection was classified accord-
ng to the Stanford classification, which defines any involve-
ent of the ascending aorta as type A-AD and exclusive
issection of the descending aorta as type B-AD (6). Aortic
issection was considered to be chronic at least 14 days after
nset of AD defined by the initial episode of intense pain
1).
In 16 symptomatic PE patients (five male, age: 55.1 
2.2 [17.3 to 84.2] years), clinical suspicion of PE had to be
onfirmed by ventilation-perfusion lung scan, spiral CT
can, or pulmonary angiography before inclusion into the
tudy. Acute myocardial infarction was defined according to
he consensus document of the Joint European Society of
ardiology/American College of Cardiology committee (7).
mong the 16 patients with AMI (13 male, age: 62.2 
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August 18, 2004:804–9 D-Dimers in Acute Aortic Dissection2.6 [37.8 to 78.7] years), there were eight patients with
T-segment elevation AMI and eight patients with non–
T-segment elevation AMI. Sixteen patients (12 male, age:
0.4  14.7 [23 to 67.9] years) in whom a cardiovascular
rigin of the symptoms could be excluded by chest X-ray,
epeat electrocardiogram, and laboratory tests were consid-
red to have non-cardiac CP.
iochemical analysis. For the quantitative determination
f D-dimers in sodium citrate plasma, a latex-enhanced
urbidimetric test (D-Dimer Plus, Dade Behring, Marburg,
ermany) was used on the Dade Behring BCS coagulation
nalyzer (upper limit of normal: 250 g/l). Serum CRP
nalysis was done by an immunoturbidimetric assay (Scil
iagnostics, Martinsried, Germany) using the automated
ayer Advia 1650 clinical chemistry analyzer (upper limit of
ormal: 5 mg/l). The quantitative determination of fibrin-
gen in plasma was performed by the Multifibren U-test
Dade Behring) in modification of the Clauss method on
he Dade Behring BCS coagulation analyzer (reference
nterval: 1.6 to 4.5 g/l). For WBC count, we used the
eckman Coulter Gen-S hematology analyzer (reference
nterval: 4.3 to 10  109/l).
tatistical analysis. All statistical analyses were performed
sing SPSS for Windows (version 11.0, SPSS Inc.,
hicago, Illinois). Continuous variables are presented as
ean  1 SD and categorical variables as frequencies and
ercentages. Comparisons between the groups were made
ith the chi-square or Fisher exact test for categorical
ariables and analysis of variance for continuous variables
sing the Bonferoni correction for post hoc analysis to
djust for multiple testing (padj). The optimal cutoff points
ere determined by receiver operating characteristic curves,
nd the sensitivity and specificity of D-dimers for group
istinction were determined according to: sensitivity  true
ositives/(true positives  false negatives)  100%, speci-
city  true negatives/(true negatives  false positives) 
00%. Linear regression analysis was performed to deter-
ine the correlation between the absolute D-dimer values
nd the time from onset of symptoms of AD. Values of p
.05 were considered statistically significant.
ESULTS
atient characteristics. Baseline characteristics of the 16
Abbreviations and Acronyms
AD  aortic dissection
AMI  acute myocardial infarction
CP  chest pain
CRP  C-reactive protein
CT  computed tomography
FL  false lumen
PE  pulmonary embolism
WBC  white blood cellatients with acute AD are given in Table 1. In all patients eith AD (acute and chronic), the false lumen (FL) was
atent without evidence of thrombus formation.
lasma fibrin D-dimers. All acute AD patients showed
ighly elevated D-dimer values that were similar to PE
atients but significantly higher than in chronic AD, AMI,
r CP patients (Fig. 1, Table 2).
Among patients with acute AD, D-dimers tended to be
igher in patients with type A-AD than in those with type
(2,872  2,244 g/l vs. 1,857  1,401 g/l, p  0.28).
n addition, D-dimers tended to be higher in patients
resenting with complications of acute AD than in those
ithout complications (p  0.12) (Table 3). There was a
ignificant negative correlation between the absolute
-dimer values and the time from onset of symptoms (r 
0.51, p  0.045) (Fig. 2).
Serial D-dimer measurements of four patients with acute
D are presented in Figure 3. Serial D-dimer measure-
ents of acute AD patients who died early (n  4), who
nderwent emergency surgical or endovascular repair (n 
), or who had a complicated stay on the intensive care unit
n  2) are not presented.
Receiver operating characteristic analysis yielded an op-
imal cutoff value of 626 g/l for D-dimers, with a sensi-
able 1. Patient Characteristics
Acute AD (n  16)
ge (yrs) 65.2  15.2 (36–83)
ale/female 11/5
ody mass index (kg/m2) 27.3  3.6 (23.5–35.2)
erum creatinine (mg/l) 13  5
istory of hypertension 11 (70%)
tanford type A/B 6/10
D presumed due to hypertension 16 (100%)
omplications of AD
(Contained) rupture 5 (31%)
Tamponade 2 (13%)
atent false lumen 16 (100%)
ime from onset of symptoms 16  15.7 h (2–48)
D  aortic dissection.
igure 1. Comparison of D-dimer values between the different patient
roups (p values adjusted according to Bonferoni). AD  aortic dissection;
MI  acute myocardial infarction; CP  chest pain; PE  pulmonarymbolism.
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D-Dimers in Acute Aortic Dissection August 18, 2004:804–9ivity of 100% and a specificity of 73% for detection of acute
D (Fig. 4). At a cutoff value of 500 g/l, sensitivity was
00% with a specificity of 67%.
iochemical markers of systemic inflammation. White
lood cell count was significantly increased in acute AD
atients compared with all other groups (padj 0.001) (Fig.
); in addition, CRP values differed only non-significantly
rom PE patients (77  68 [2 to 174] mg/l vs. 48  42 [0
o 153] g/l, padj  0.71) (Fig. 6, Table 2). There were no
ifferences in the fibrinogen levels between the groups
Fig. 7).
There was a trend toward higher WBC count and CRP
evels in patients with complications of acute AD than in
hose without complications (p  0.550 and p  0.185,
espectively) (Table 3).
n-hospital outcome. Eight of 16 (50%) acute AD pa-
ients died during the in-hospital course. There was no
ifference in mortality between type A-AD and type B-AD.
igure 2. Correlation between D-dimers and time from symptom onset in
cute aortic dissection.
igure 3. Serial D-dimer measurements of four acute aortic dissection
atients. In the three surviving patients, serial D-dimer measurements
emonstrate a decline over time, while in one patient who died (, 76 yearsold, †), steady increase was found.T D W C F A
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August 18, 2004:804–9 D-Dimers in Acute Aortic Dissection-dimer levels and CRP tended to be higher in patients
ho died during the in-hospital period (p  0.204 and p 
.365, respectively) (Table 4).
igure 4. Calculation of optimal cutoff value between acute aortic dissec-
ion and other chest-pain syndromes, including pulmonary embolism, by
eceiver operator characteristic curve analysis with respect to D-dimers.
otted line shows a random distribution. AUC  area under the receiver
perator characteristic curve.
igure 5. Comparison of white blood cell (WBC) count between the
ifferent patient groups (p values adjusted according to Bonferoni). AD 
ortic dissection; AMI acute myocardial infarction; CP chest pain; PE
Table 3. Laboratory Findings in Acute AD Pa
No Complications (n 
D-dimers (g/l) 1,634  1,041 (632–4,199
WBC ( 109/l) 13.9  5.2 (8.6–25.6)
CRP (mg/l) 71  62 (2–160)
Fibrinogen (g/l) 4.6  2.2 (1.9–8.9)
AD  aortic dissection; CRP  c-reactive protein; WBC pulmonary embolism. eISCUSSION
-dimers—the degradation product of cross-linked fi-
rin—have been shown to play an important role in the
iagnosis of acute PE (8). The present study demonstrates
hat highly elevated D-dimer values are also found in
atients with acute AD. At a cutoff value of 500 g/l, which
as been previously proposed for the detection of PE (8), we
ound a sensitivity of 100% with a specificity of 67% for the
resence of acute AD. In patients with acute CP and
igure 6. Comparison of C-reactive protein (CRP) values between the
ifferent patient groups (p values adjusted according to Bonferoni). AD 
ortic dissection; AMI acute myocardial infarction; CP chest pain; PE
pulmonary embolism.
igure 7. Comparison of fibrinogen values between the different patient
roups (p values adjusted according to Bonferoni). AD  aortic dissection;
MI  acute myocardial infarction; CP  chest pain; PE  pulmonary
s With Versus Without Complications
Complications (n  7) p Value
3,014  2,257 (842–6,419) 0.124
15.5  5.1 (7.0–21.0) 0.550
84  79 (2–174) 0.185
3.3  1.5 (1.7–5.2) 0.718
e blood cell count.tient
9)
)mbolism.
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D-Dimers in Acute Aortic Dissection August 18, 2004:804–9levated D-dimers, acute AD should, thus, also be taken
nto account. This is of particular clinical importance
ecause precipitate thrombolysis for misdiagnosed PE may
ave disastrous consequences in these patients (9).
So far, there has been only one report on D-dimers in
cute AD. In 10 patients, Weber et al. (10) found similar
evels of D-dimers as in the present study. It may be
ypothesized that the elevation of D-dimers in acute AD is
ue to activation of the extrinsic pathway of the coagulation
ascade by tissue factor, which is largely exposed at the site
f the injured aortic wall (i.e., within the whole FL) (10).
he elevation of D-dimers would then reflect a profound
brinolytic activity, which prevents thrombosis of the FL
uring the acute phase of AD. This is supported by clinical
bservations demonstrating that spontaneous FL thrombo-
is is only rarely observed (4% of patients) (11). On the
ther hand, elevated D-dimer values may reflect systemic
nflammatory reactions, which have been previously de-
cribed in patients with acute AD (4). Up to now it is
nclear whether these inflammatory reactions occur due to
nderlying vascular inflammatory processes in the develop-
ent of acute AD or as an accompanying phenomenon due
o a profound systemic acute phase reaction. Most interest-
ngly, however, Schillinger et al. (5) demonstrated that CRP
s an independent predictor of mortality in patients with
cute aortic disease. In our study, CRP values as well as
-dimers tended to be higher in acute AD patients who
resented with complications or died during the in-hospital
eriod; however, this difference did not reach statistical
ignificance due to a small number of patients.
Discrimination between acute and chronic AD has im-
ortant prognostic and therapeutic implications, but may be
ifficult. The characteristic severe CP of sudden onset may
e absent in 5% to 15% of patients (1,2). Our data show that
-dimers allow to reliably differentiate acute from chronic
D. At the optimal cutoff value of 626 g/l, there were only
wo false positive results (sensitivity 100%, specificity 94%).
he difference in D-dimers may be explained by the fact
hat the patent FL becomes endothelialized during the
hronic course of AD; as a consequence, the coagulation
ascade and fibrinolytic status is no longer activated.
tudy limitations. The study is limited by the relatively
mall number of patients. However, AD has a low inci-
ence. Our study analyzed biochemical markers in well-
Table 4. Laboratory Findings in Acute AD Pa
Survivors
Survived (n  8)
D-dimers (g/l) 1,665  1,089 (632–4,199
WBC ( 109/l) 14.2  5.5 (8.6–25.6)
CRP (mg/l) 61  58 (0–160)
Fibrinogen (g/l) 4.5  2.3 (1.9–8.9)
AD  aortic dissection; CRP  C-reactive protein; WBCefined patient groups, and we cannot completely rule outhat selection bias may have influenced the results of this
tudy. The study design does not provide data to exclude
cute AD on the basis of a normal D-dimer result. In
atients with high clinical suspicion but normal D- dimers,
urther diagnostic testing (i.e., imaging of the aorta) should
e performed. Larger, prospective multicenter studies are
eeded to elucidate the value of D-dimers in the screening
f patients with CP and suspected acute AD. The natural
ourse of D-dimers in acute AD would be of great interest
ut is difficult to obtain, as patients with acute AD may die
arly or may require major surgery that confounds the
esults of D-dimer measurements.
roposed approach to diagnosis of acute AD. Based on
ur data, we believe that determination of D-dimers should
e part of the current initial diagnostic work-up of patients
ith CP and suspected AD. Highly elevated D-dimers
annot distinguish between acute AD and PE but may
rompt an urgent contrast-enhanced CT scan, which allows
onfirmation or exclusion of both AD and PE.
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epartment of Cardiology, University of Duisburg-Essen, Hufe-
andstrasse 55, 45122 Essen, Germany. E-mail: holger.
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